DPIs can be further subdivided into capsule DPI (cDPI), which are single-dose inhaler, and multi-DPI (mDPI), which are multi-dose inhaler (Sanchis, Corrigan, Levy, & Viejo, 2013) . A pMDI can also be used together with a spacer (Newman, 2005) .
| Background
A systematic review of assessment of inhaler use over the past 40 years concluded that only 31% of patients with COPD or asthma used their inhalers correctly and that the frequency of errors had not improved over time (Sanchis, Gich, & Pedersen, 2016) . Correct inhaler use is crucial for the effectiveness of therapy (Usmani et al., 2018) . The type of device and mastery of it is important for improving adherence, clinical outcome, quality of life and use of healthcare resources (Usmani et al., 2018) .
One-fifth of patients with COPD have reported being unsure of how or when to use their inhaler and 25% said that they regularly questioned whether their inhaler was working properly (Mulhall, Zafar, Record, Channell, & Panos, 2017) . Additionally, it has been found that 49%-55% of patients using a DPI and 76% of patients using a pMDI do not inhale their medication correctly (Molimard et al., 2003) . A systematic review to define critical error found that there were 299 descriptions of critical errors across the different devices, although the most common definition of critical error was "an action affecting the lung deposition of inhaled drug, resulting in little or no medicine being inhaled or reaching the lungs" (p. 4) (Usmani et al., 2018) . Making at least one critical error due to device switch leads to increased healthcare expenditure because of healthcare visits and pharmacological treatment (Roggeri, Micheletto, & Roggeri, 2016) .
In a recent review, Usmani et al. (2018) suggested that future studies should "classify individual errors into categories such as inhalation manoeuvre, dose preparation, inhaler handling, device-specific or generic" (p. 15). Two studies (Molimard et al., 2017; Takaku et al., 2017) have classified errors into device-specific or generic. Only one of them reported the actual number of patients making the errors (Takaku et al., 2017) while the other reported the number of errors committed by the patients (Molimard et al., 2017) .
Inhaled medication is often prescribed for patients with COPD in primary health care. Assessing and reporting the number of patients making errors is more useful in clinical praxis than reporting the number of errors committed by the patients, since patients who are not using the inhaler correctly can be identified and educational efforts can be targeted where they are needed the most. The classification of patients into those making errors related to inhalation technique and those making errors related to the device might give guidance for the consultation. Can a more structured assessment of what kind of errors patients make be helpful when instructing and assessing patients' inhaler use or choosing a new device?
The aim of the present study was to describe inhaler use in primary health care patients with COPD and to categorize these patients into those making errors related to devices, those making errors related to inhalation technique and those making errors related to both.
| Design
This observational study presents baseline data from the Communication and Inhalation technique study (ComIn), a randomized controlled trial which is yet to be published.
| ME THOD

| Patients
Patients were recruited to ComIn from primary health care in four counties in central Sweden. Three primary healthcare centres (PHCCs) from each county were invited and a total of 11 PHCCs with 14 COPD nurses agreed to participate. Inclusion criteria were patients of all ages with spirometry-verified COPD (ICD-10 codes J44.0, J44.1, J44.8 and J44.9) diagnosed between September 2013-September 2015, selected at each PHCC. All eligible patients were randomized by the research group and the PHCCs received randomized lists of their patients. The COPD nurses started from the top of the list and assessed each patient according to the exclusion criteria: drug abuse, acute psychiatric disease, cognitive impairment (defined as a diagnostic code of dementia), insufficient knowledge of the Swedish language, not being registered at the PHCC, or being incapable of visiting the PHCC. An information letter about the study was sent to twenty consecutive patients that met the inclusion criteria and the COPD nurses then phoned the patients and asked if they wanted to participate. If a patient declined to participate, the COPD nurse contacted the next patient on the list. The recruitment procedure was completed after at least twenty patients agreed to participate. The present study used baseline data from those patients who used inhalers, regardless of whether the patient was in the ComIn intervention or control group (Figure 1 ).
| Assessments
Sociodemographic data (sex, age, civil status, education and occupation), COPD Assessment Test (CAT) scores and data regarding self-reported exacerbations, comorbidities and smoking status were collected at baseline through questionnaires filled in at the PHCC or at home straight after the visit and posted directly to the research group. The COPD nurses did not see the completed questionnaires.
COPD Assessment Test is a validated test used to assess health status in COPD patients (Jones et al., 2009 ). The questionnaire includes eight items with a maximum score of 40, and a higher score represents more impaired health. Each item is answered on a scale from 0-5 (0 = no problem and 5 = severe problem) (Jones et al., 2009 ).
Inhaler use was assessed by the COPD nurses using a checklist originally developed by Price et al. (2013) , which included pMDI, pMDI with spacer and two DPI devices. The research group translated and adapted the checklist for this study by including more devices, using the manufacturers' descriptions and clinical experience.
The revised checklist had two parts; one covering errors related to each device and one covering generic errors related to inhalation technique.
In this study, inhaler use was defined as the complete action from preparation of the device through the inhalation manoeuvre to completion, while inhalation technique was defined as the manoeuvres that start with expiration before inhalation and end with holding the breath after inhalation. Errors related to the device were defined as errors in those actions involving handling of the device before and after inhalation. The "generic for all DPI" section in the checklist (Appendix S1) was modified into "errors related to inhalation technique" by excluding errors that did not fit into our definition (see above) and by including errors related to inhalation technique with pMDI and with spacer. This was done to distinguish errors related to devices from those related to inhalation technique. Some devices in the checklist contained errors related to inhalation technique and in these cases, the error was moved to "errors related to inhalation technique" instead. SMI was included in the pMDI group in the analysis, due to similar inhalation technique. The COPD nurses marked the errors (yes or no) committed by the patient in the checklist and also had the opportunity to write comments next to each error.
Errors were separated into four steps for the analysis. Errors related to devices included steps 1, 2 and 4 and errors related to inhalation technique included step 3. The steps were numbered consecutively according to the order in which they occur when patients use their inhalers:
1. "Preparing the device" was defined as the initial steps when the patient prepares the device before dose preparation. Example of error: "does not remove the cap".
2. "Dose preparation" was defined as the actions performed by the patient to make the drug available to inhale. Example of error:
"does not shake the device when necessary".
3. "Inhalation technique" was defined as the actual process where the patient inhales and makes the drug leave the inhaler, from expiration before inhalation to breath hold after inhalation.
Example of error: Does not exhale slowly before inhalation.
4. "Completion of handling" was defined as the final steps of inhaler use. Example of error: "does not put on the cap after inhalation".
| Analysis
Categorical data (sociodemographic, number of inhalers per patient, exacerbation history and errors) were analysed using non-parametric analysis and reported as absolute values and percentages.
Continuous data (age and CAT score (Jones et al., 2009 )) were analysed using parametric analysis and reported as means with standard deviations. Differences between groups were assessed with the chisquare test for categorical data and independent-sample t test for continuous data. Logistic regression was used to assess confounding factors. A p-value < 0.05 was considered statistically significant. The statistical analysis was performed using version 21.0 of IBM SPSS Statistics for Windows (IBM Corp.).
| Ethics
The study was approved by the Regional Ethical Board in Uppsala The STROBE checklist (Appendix S2) was used to guide construction of this article.
| RE SULTS
| Patient characteristics
Of the 228 patients who were included in the study and visited the (Table 1) .
Of the 183 patients who used devices, 19 did not answer the baseline data questionnaire but were included in the analysis of the inhaler technique. Therefore, sociodemographic data were based on the 164 patients that were both assessed for the inhaler technique and answered the baseline questionnaire (Figure 1 ). More than half of participants were women, the mean age was 71 (SD 9) years, and a quarter of the patients were smokers. The mean CAT score was 15 (SD 7) ( Table 2 ). There were no differences in characteristics between those patients making at least one error and those making no error.
Forty-five per cent of the patients had had at least one exacerbation in the past 12 months. Exacerbation was defined as treatment with antibiotics and/or oral corticosteroids and/or emergency visit to healthcare facility and/or hospitalization because of deterioration of their lung disease.
| Frequency of errors
A total of 83 patients (45%) made at least one error when using their inhaler. The number of errors per patient ranged from 1-6. The proportion of patients who made at least one error related to the devices was significantly larger than the proportion of the patients who made at least one error related to inhalation technique (50% vs. 31%, p = .007). Sixteen patients (19%) made errors in both categories. A multiple logistic regression analysis showed that age (>70 years), sex, exacerbations in the past year (>1), education (only elementary school) and CAT score (≥10) were not associated with whether the patients made at least one error; they were also not associated with whether the patients made errors related to inhalation technique, to device, or to both adjusted for all these confounders.
Patients with two or more devices made more errors than those with only one device, but the difference was not statistically significant (Table 3) .
Most of the 184 errors committed by the patients when using their inhalers occurred in dose preparation (step 2) and inhalation technique (step 3); 39% and 52%, respectively. A minority of the errors occurred in preparing the device (step 1) and completion of handling (step 4); 7% and 2%, respectively.
The most frequent errors in step 3 were "Does not exhale slowly before inhalation" (22%) and "Does not tilt their head so that their chin is pointing slightly up" (22%) ( Table 4 ).
The COPD nurses wrote 64 comments about errors that were not assessed in the checklist. (Takaku et al., 2017) .
| D ISCUSS I ON
These results are not quite comparable to ours, since in that study the assessment was performed after one instruction from a pharmacist while in the present study no instruction was given prior the assessment. The patients in the present study used an average of 1.77 devices each, which is more than the 1.13 in the study of Takaku et al. (2017) . The use of more than one device is a predictor of a higher frequency of error (Chrystyn et al., 2017) and many patients with COPD use more than one device. Another difference between the studies is the number of different devices that were assessed; ten plus spacer in the present study, compared with five by Takaku et al. (2017) . Finally, Takaku et al. (2017) excluded patients with impaired finger dexterity, which may have impaired patients' ability to handle the device. With respect to the arguments above, our study might give more of a real-life assessment of how many errors and what kind of errors patients with COPD are making.
As most (8/10) of the devices were DPI, the results of this study are similar to the findings of Molimard et al. (2003) , who reported that 49%-55% of patients with DPI made at least one error. The device and the ability to handle it is important for adherence, clinical outcomes and quality of life (Usmani et al., 2018) . Incorrect inhaler use can result in impaired disease control, which in turn leads to increased costs due to use of unscheduled healthcare resources (Melani et al., 2011) . Although research into inhaler technique confirms that this is a substantial issue, the problem of a high frequency of errors remains constant (Sanchis et al., 2016) . Number of patients using a DPI 174
Number of patients using a pMDI or SMI 31
Number of patients using a spacer 10
Abbreviations: DPI, dry powder inhaler; pMDI, pressurized metereddose inhaler; SMI, soft mist inhaler.
healthcare professionals to be more specific when assessing and instructing patients in inhaler use.
Of the 184 errors noted in the checklist, 88 were related to devices and 96 were related to inhalation technique. The results of this study are in line with previous studies, where two of the errors related to inhalation technique, "not exhaling before inhalation" and "not holding the breath after inhalation", were reported as most common (Lavorini et al., 2008; Molimard et al., 2003; Sangita, Gharti, & Laxman, 2015; Westerik et al., 2016) . This means that it is important to pay attention to these steps when teaching individualized inhalation technique (Sangita et al., 2015) .
Choosing an appropriate device according to patient characteristics is one of the primary steps in optimal control of the disease (Rogliani et al., 2017; Scichilone et al., 2015) and in fact may be just as important as using disease severity as a guide to choosing the right medication (Rogliani et al., 2017) . A study using the Delphi method to examine factors influencing pulmonologists' choice of device revealed an awareness and consensus that the selection of device was relevant, though 85% of the respondents stated that they prioritized the selection of drug over the selection of device (Miravitlles, Soler-Cataluna, Alcazar, Viejo, & Garcia-Rio, 2018) . The wide range of devices on the market today increases the possibility to choose a device based on the patient's needs (Arora et al., 2014; Rogliani et al., 2017) . More focus is needed on considering the patient's characteristics when choosing a device; this requires healthcare professionals to have knowledge of different devices as well as enough time to assess the patient's abilities.
The fact that almost half of the patients in this study did not use their inhaler correctly shows the need for further assessment and training by healthcare professionals. However, according to a review, TA B L E 2 Characteristics of patients with COPD answering the baseline questionnaire (n = 164) and differences between patients making at least one error and patients making no error
All patients
Patients making at least one error, n = 69
Patients making no errors, n = 95 p-value
Total n = 164 n (%)
Age, mean ± SD (missing n = 5) 71 ± 9 71 ± 9 71 ± 8 .724
Female sex 85 (52) 36 (52) 49 (52) .940
Civil status (missing n = 3) (missing n = 2) (missing n = 1) .355
Cohabiting 91 (57) 35 (52) 56 (60) Living alone 70 (43) 32 (48) 38 (40) Education (missing n = 4) (missing n = 3) (missing n = 1) .520
Elementary school 58 (36) 27 (41) 31 (33) Upper secondary school 71 (44) 26 (39) 45 (48) University 31 (19) 13 (20) 18 (19) Occupation (missing n = 5) (missing n = 2) (missing n = 3) .667
Working 31 (19) 12 (18) 19 (21) Other 128 (81) 55 (82) 73 (79) Smoking status (missing n = 1) (missing n = 1) (missing n = 0) .605
Never smoked on a regular basis 9 (6) 4 (6) 5 (5) Ex-smoker 117 (72) 47 (69) 70 (74) Smoker 37 (23) 17 (25) 20 (21) Comorbidities (missing n = 1) (missing n = 1) (missing n = 0) Diabetes 27 (17) 8 (12) 19 (20) . 163 Heart disease 44 (27) 19 (28) (14) 11 (16) 12 (13) .521
Exacerbations (missing n = 0) (missing n = 0) (missing n = 0) .064
At least one exacerbation in the past 12 months 73 (45) 27 (39) 46 (48) CAT score, mean ± SD (missing = 3) 15 ± 7 14 ± 6 16 ± 7 .302
Abbreviations: CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease; SD, standard deviation.
only 15%-69% of healthcare professionals are able to demonstrate correct inhaler use (Price et al., 2013) . Another review reported that the number of healthcare professionals who know the correct usage of inhalers had decreased over the last 20 years from 20.5%-10.8% (Plaza, Giner, Rodrigo, Dolovich, & Sanchis, 2018) . The increase in the number of different inhalers on the market might be one reason for this decreased knowledge. To address the widespread problem of patients' incorrect inhaler use, it is necessary to start by educating the healthcare professionals.
| S TRENG TH S
One strength of this study is the classification of patients into those making errors related to devices and those making errors related to inhalation technique, which to our knowledge has rarely been reported before. This is in line with a recent review that emphasized the need for further studies to classify errors into device-specific and generic errors to simplify comparison and analysis (Usmani et al., 2018) . This classification could increase the knowledge of where focus is needed to provide patients with person-centred care.
Observational studies can give a more accurate picture of how devices really work (Price, 2014) , as well as a more accurate rate of errors. Participants in clinical trials are trained in inhaler use, and the results might not be transferable to real-life patients with poor training (Molimard et al., 2017) . Thus, the design of this study is suitable to estimate the rate of errors among primary care patients with COPD.
Patients in this study were selected from primary healthcare.
Patients with a more severe disease and thus a higher risk of making errors (Lavorini et al., 2008; Wieshammer & Dreyhaupt, 2008) are often treated in secondary care. On the other hand, in Sweden, primary care is the first compulsory contact and most patients with COPD are treated there. It is rare that patients are treated in secondary care (Stallberg et al., 2014) . Thus, the results of this study are relevant to primary healthcare. Patients were recruited from eleven PHCCs in four different counties in central Sweden, which increases the generalizability to the Swedish population.
| LI M ITATI O N S
One exclusion criterion in this study was cognitive impairment, which is more common in older people. COPD is also more common in older people, as reflected in the mean age of 71 years among participants in the present study. Cognitive ability seems to be important in learning and remembering how to use inhalers (Crompton et al., 2006 and further assessment are delivered by the same healthcare provider (Rootmensen, Keimpema, Jansen, & Haan, 2010) , which may contribute to a risk of biased assessment. If a patient makes many errors, the COPD nurse might see themselves as a poor educator.
However, as the nurses in this study wrote a substantial number of comments about the errors they observed, it seems likely that they aimed to be objective.
Comments written by the COPD nurses revealed that the checklist was missing some errors, which affects its validity. The number of errors might have been higher if those errors had been included in the checklist. Checklists vary substantially between studies and are often created by the authors themselves, taken from previous studies, or taken from the instruction leaflet with no external validation (Chrystyn et al., 2017; Usmani et al., 2018) .
This affects the possibility to draw conclusions and to make comparisons between different devices and studies (Usmani et al., 2018) and highlights the need for a standardized checklist that is easy to analyse and enables comparison between studies and devices.
Assessment using checklists is subjective; however, assessment with electronic monitoring devices might give a more objective view.
There are different electronic monitoring devices that can be helpful (Blum, Thavarajah, & Martirosov, 2019; Taylor et al., 2018 ). Yet, not all errors can be detected with help from electronic monitoring devices (Carpenter, Roberts, Sage, George, & Horne, 2017) . Therefore, assessment from a provider together with electronic monitoring devices can give a better assessment of patient's inhaler use (Carpenter et al., 2017) .
All COPD nurses in this study were assumed to be educated in inhaler use, since according to Swedish recommendations COPD nurses should have further education on an advanced level (Kull & Ställberg, 2018) . We therefore chose not to control for the knowledge of the participating nurses in this aspect. However, their skills in inhaler use may have varied, thus biasing the results. The reliability of the assessment could have been increased by either training the COPD nurses in inhaler technique and assessment before the study began, or having an independent COPD nurse perform the assessments.
| FURTHER RE S E ARCH
Since inhaler use has not improved over the past 40 years (Sanchis et al., 2016) , educational interventions are needed. An educational intervention which includes the classification of errors into those related to inhalation technique and those related to devices might give information that facilitates the design of inhaler use instructions provided to patients.
There is also a need to improve and optimize the checklist used in this study to make it more inclusive and easier to analyse. It would also be desirable to have a validated checklist that enables comparison between studies and devices.
| CON CLUS ION
The patients in this study made both errors related to device and errors related to inhalation technique, but more patients made errors of the first type.
| RELE VAN CE TO CLINI C AL PR AC TI CE
It is important to assess what kind of error the patient makes and more focus is needed on assessment of the patient's individual ability to handle their device. This knowledge can help healthcare professionals when instructing and choosing an appropriate device for each individual patient and thus increase the chances for optimal inhaled medication.
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